All episodes of bacteraemia during a 15-year period (1981-1995) in the County of Northern Jutland, Denmark, were analysed with regard to antibiotic resistance. A total of 8840 isolates from 7938 episodes of bacteraemia was identified. Over time, no changes in bacterial aetiology were noted. Three isolates of Staphylococcus aureus were methicillin resistant (0.2%) and six were gentamicin resistant (0.4%). Among coagulase-negative staphylococci a 14% increase in resistance to penicillin was observed (95% confidence intervals, CI: 2-26%). Likewise, the frequency of resistance to methicillin, gentamicin and erythromycin increased, the corresponding figures being 38% (CI: 26-50%), 26% (CI: 14-38%) and 32% (CI: 16-50%), respectively, whereas a 14% decrease in resistance to streptomycin was recorded (CI: 4-24%). A 20% (CI: 2-37%) increase of coagulase-negative staphylococci resistant to three or more antibiotics was observed. The frequency of ampicillin resistance increased by 9% among Escherichia coli (CI: 4-13%) and by 10% (CI: 6-14%) in all Enterobacteriaceae. Among Enterobacteriaceae the level of resistance to third-generation cephalosporins, carbapenems, aminoglycosides and fluoroquinolones remained low (< 1 YO). The frequency of resistance to three or more antibiotics remained fairly stable among Enterobacteriaceae, although a slight increase was noted among E. coli (5%; CI: 0-10%) The recommended regimen for empirical antibiotic treatment in this region (a combination of penicillin G or ampicillin and an aminoglycoside) provided an overall coverage of 94% (CI: 94-95%), although a slight decrease was noted at the end of the period. In conclusion, acquired antibiotic resistance was maintained at a low level compared with most other European countries and regions during the 15-year period studied.
Introduction
Prompt and adequate antibiotic treatment is a key factor in treating patients with severe infections including septicaemia. Knowledge of local antibiotic resistance patterns and potential changes is important when guidelines for empiric antibiotic therapy are made. One valid strategy for obtaining information on resistance patterns for individual hospitals and at the regional level is continuous surveillance of blood culture isolates. Consumption of antibiotics is an important determinant of the level of bacterial resistance [l, 21. In the County of Northern Jutland, Denmark, penicillin G or ampicillin in combination with an aminoglycoside have been the first-line antibiotics for patients with septicaemia for two decades. The aim of the present study was to examine the frequency of antibiotic resistance among blood culture isolates and analyse whether there have been any major changes in. the patterns of resistance.
Materials and methods
The study comprised all bacterial isolates from positive blood cultures deemed clinically relevant in the County of Northern Jutland, Denmark (mean population 480 000 inhabitants), during the period 198 1 -1995. Hospital service was free at all the county's one referral and 11 district hospitals. All blood cultures were investigated by the Department of Clinical Microbiology, Aalborg Hospital. For the years 1981-1991, all data were obtained retrospectively from laboratory records, whereas from 1992 onwards data were retrieved from a prospective computerised bacteraemia registry.
During the period 198 1 -199 1, blood specimens were collected in VenojectE tubes that were transferred to the Department of Clinical Microbiology, Aalborg Hospital, for inoculation into multiple tubes of bacteriological media [3, 4] . In 1992, the blood culture system was changed to Colorbact* (Statens Serum Institute, Copenhagen) [4, 5] . Identification of isolates was according to standard practice [6, 71. Corynebacterium spp., Propionibacterium acnes, Bacillus spp., Flavobacterium spp. and Acinetobacter spp. were regarded as contaminants unless isolated from two or more separate blood culture sets. Identical isolates, i.e., isolates of the same species obtained from the same patient within 30 days, were counted only once.
Susceptibility testing was performed by tablet d i f ision on Danish Horse Blood Agar (Statens Serum Institute) with NeoSensitabs@ (Rosco Diagnostica, Taastrup, Denmark) following the manufacturer's criteria for zone-size interpretation [8-1 13. The edges of the zones of inhibition were inspected carefully for microcolonies indicating P-lactamase production in Staphylococcus aureus [ 121. If results of susceptibility testing were in conflict with intrinsic resistance mechanisms of enterobacterial species, e.g., ampicillin resistance in Klebsiella spp., or known patterns of cross-resistance (e.g., in staphylococci) [ 131, the former were over-ruled. For strains of S. aureus resistant to more than two antibiotics, confirmation of methicillin susceptibility was obtained by testing on nutrient agar with NaCl 7.5% which was incubated for 2 days at 30°C [14] . Monthly, quality control strains from national or international external quality assessment schemes were tested. For Enterobacteriaceae and most other gram-negative bacteria the following antibiotics were tested: ampicillin, mecillinam, piperacil- lin, imipenem, cefoxitin, cephalothin, cefuroxime, cefotaxime, streptomycin, gentamicin, netilmicin, ciprofloxacin, aztreonam, sulphonamides, tetracycline and chloramphenicol. For staphylococci and other gram-positive bacteria testing was done for penicillin, methicillin, cephalothin, streptomycin, gentamicin, tetracycline, sulphonamides, erythromycin, vancomycin and rifampicin. In assessing antibiotic resistance profiles, resistance to any number of cephalosporins was counted as one resistance character. Likewise, in staphylococci, methicillin and cephalosporin resistance was counted only once.
A 95% confidence interval (CI) is given for relative frequencies assuming a binomial distribution. CIS for a proportion and for difference between proportions were calculated by the method of Altman [15] .
Results
A total of 7938 bacteraemias yielding 8840 bacterial isolates were recorded. Escherichia coli accounted for 31.7% of all isolates, whereas Klebsiella spp., S. aureus and coagulase-negative staphylococci accounted for 8.8%, 16.7% and 4.4%, respectively. The distribution of bacterial species and groups was fairly constant throughout the period studied, although an increase in the isolation of anaerobes was noted (Table 1) .
Resistance in gram-negative species
Ampicillin resistance was recorded in 41% of all Enterobacteriaceae at the start of the study period, but an increase of 10% (CI 6-14%) was noted (Table 2) , mainly due to a 9% (CI 4-13%) increase of ampicillin-resistant E. coli. Simultaneously, resistance towards cephalothin decreased by 8% (CI 5-12%) to 17.3%. However, it should be noted that the susceptibility breakpoint for E. coli in Denmark (< 4 mg/L) divides the homogeneous population of E. coli and, therefore, the significance of the observed decrease in cephalothin resistance is doubtful. Resistance towards blood culture isolates in the County of Number (%) of isolates during 198 1 -1984 1985-1988 1989-1991 1992-1995 third-generation cephalosporins, carbapenems, fluoroquinolones and aminoglycosides was recorded in < 1% of all Enterobacteriaceae. During 198 1 -199 1, a 7% (CI 2-1 1 YO) increase in tetracycline resistance was observed among E. coli whereas the level among all Enterobacteriaceae remained stable. In the same period, the frequency of resistance to three or more antibiotics remained fairly stable among Enterobacteriaceae (Table  3) , although a slight increase was noted among E. coli (5%; CI O-IO%).
Bacteria
Of 96 isolates of Haemophilus influenzae 7% (CI 2-13%) were ampicillin resistant. In Pseudomonas aeruginosa, resistance to aminoglycosides and piperacillin was rare (0.5% and 3 .O%, respectively). staphylococci resistant to three or more antibiotics was observed (Table 3) . No penicillin resistance was detected in 728 isolates of Streptococcus pneumoniae.
Coverage
During the 15-year study period, the recommended empiric antibiotic therapy for severe infections (i.e., septicaemia) consisting of penicillin G or ampicillin combined with an aminoglycoside provided an overall coverage of 94% (CI 94-95%). During 1981 During -1984 , the coverage was 96%, but during 1992-1995 the coverage was reduced to 92%.
Discussion
In comparison with previous reports from this county [16, 171 as well as other reports from Scandinavia [ 18, 191 , the present study found a fairly constant level of antimicrobial resistance among blood culture isolates during a 15-year period. The most prominent trend was a moderate increase in ampicillin resistance among Enterobacteriaceae. This was reflected mainly in the increase of ampicillin-resistant E. coli. Ampicillin usage has been shown to be positively correlated to ampicillin resistance in E. coli [l] . In Denmark, ampicillin was the most fi-equently used p-lactam antibiotic when used for empiric antibiotic treatment in hospitals [4] . There are no exact statistics regarding antibiotic consumption at the hospitals, but Denmark had the lowest level of antibiotic consumption of all Scandinavian countries in the 1980s [20] . Resistance to third-generation cephalosporins, fluoroquinolones, gentamicin and imipenem was almost non-existent. This may reflect the regional policy of encouraging the use of penicillin G or ampicillin in combination with an aminoglycoside.
Among coagulase-negative staphylococci, the marked decrease in streptomycin resistance is probably due to the very limited consumption of streptomycin since the 1 980s. Methicillin-resistant coagulase-negative staphylococci have been reported to be an indicator for antibiotic consumption [l] . In Denmark, the frequency of methicillin-resistant as well as multiresistant coagulase-negative staphylococci increased. This is a reminder of an ecological impact even of the moderate antibiotic usage at hospitals in this region. There is conflicting evidence as to whether the frequency of antimicrobial resistance among bacterial isolates is higher in nosocomial infections or in community-acquired infections [2 1,221. From the data presented here it is not possible to distinguish between nosocomial and community-acquired bacteraemia. However, >94% of all blood culture isolates were susceptible to the combination of a P-lactam and an aminoglycoside. The slight decrease in overall coverage was due to the slight increase of anaerobic gramnegative species naturally resistant to the empiric antibiotic therapy and the increased frequency of gentamicin-resistant coagulase-negative staphylococci. This emphasises the importance of monitoring antibiotic resistance and thus being able to optimise the use of antimicrobial agents; an issue which has been stressed by others [23] .
To conclude, the level of acquired antibiotic resistance among blood culture isolates remained low, although there was a trend towards increasing resistance especially among coagulase-negative staphylococci and Enterobacteriaceae. The antibiotic policy remained unchanged during the survey period, but continuous monitoring remains necessary, as changing patterns of antibiotic resistance can necessitate adjustment of therapeutic guidelines. 
